The bacteriocin produced by Pediococcus acidilactici PAC 1.0, previously designated PA-1 bacteriocin, was found to be inhibitory and bactericidal for Listeria monocytogenes. A dried powder prepared from PAC 1.0 culture supernatant fortified with 10% milk powder was found to contain bacteriocin activity. An MIC against L. monocytogenes and lytic effects in broth cultures were determined. Inhibition by PA-1 powder occurred over the pH range 5.5 to 7.0 and at both 4 and 32°C. Effect of nutritional supplements on bacteriocin production. P. acidilactici PAC 1.0 was inoculated into 100 ml of MRS broth with and without nutritional supplements and incubated at 35°C for 18 h. Then 25 ml of each of the media were centrifuged at 24,000 x g for 15 min at 4°C. The supernatants were then filter sterilized with a 0.22-,um-pore-size filter (Millipore Corp., Bedford, Mass.) and tested against the indicator strain P. pentosaceus FBB63.
Listeria monocytogenes is a gram-positive rod that is catalase positive and shows a characteristic tumbling mobility. It has long been recognized as a veterinary pathogen and in humans causes a disease known as listeriosis particularly in neonates or immunocompromised hosts (11) . L. monocytogenes is found in soil, in decaying and dead vegetation, and in the intestinal tracts of over 50 domestic and wild species of birds and animals including sheep, cattle, chickens, and swine (5) . Before 1967, listeriosis was considered a rare disease in healthy adult humans, but recent food-borne outbreaks involving L. monocytogenes have highlighted its public health importance (8, 15) . Foods such as milk, cole slaw, and Mexican-style cheese were recently involved in listeriosis outbreaks (2, 11, 16) . A recall of Brie cheese because of L. monocytogenes contamination occurred in 1986 (8) . The unique characteristic that makes L. monocytogenes a significant threat as a food-borne infection is its ability to grow rapidly at refrigeration temperatures. McLaughlin (11) reviewed the literature on the various ways L. monocytogenes could be transmitted through food.
Currently, the procedures recommended for avoiding contamination of foods by L. monocytogenes are following sanitary procedures, proper heat treatment, and avoiding postpasteurization contamination (4, 8) . Recently, Gonzalez and Kunka (6) described a bacteriocin designated pediocin PA-1 produced by Pediococcus acidilactici PAC 1.0 that showed inhibitory activity against a wide spectrum of grampositive lactic acid bacteria. Although the bacteriocin failed to show any activity against lactic streptococci, Staphylococcus spp., and Micrococcus spp., because of the fairly wide spectrum of activity against gram-positive genera found in foods, its effect against L. monocytogenes was examined. In this paper we describe studies on the inhibitory effect of pediocin PA-1 against L. monocytogenes Effect of nutritional supplements on bacteriocin production. P. acidilactici PAC 1.0 was inoculated into 100 ml of MRS broth with and without nutritional supplements and incubated at 35°C for 18 h. Then 25 ml of each of the media were centrifuged at 24,000 x g for 15 min at 4°C. The supernatants were then filter sterilized with a 0.22-,um-pore-size filter (Millipore Corp., Bedford, Mass.) and tested against the indicator strain P. pentosaceus FBB63.
Production of dried bacteriocin PA-1. P. acidilactici PAC 1.0 was grown overnight at 35°C in 1 liter of MRS broth supplemented with 2% yeast extract. The cells were pelleted by centrifugation in a Beckman J2-21 centrifuge (Beckman Instruments, Palo Alto, Calif.) at 10,000 x g, and the supernatant was collected. Nonfat dry milk powder was added to 10% (wt/vol), and the mixture was lyophilized into a dry powder.
Bacteriocin sensitivity determination. Sensitivity of L. monocytogenes to PA-1 was determined by inoculating 8- (6) . Eight strains, seven originally isolated from meat products and one from milk, were tested; all displayed approximately equal (18-to 21-mm) zones of inhibition when used as indicator overlays (data not shown). Inhibitory activity was found with both live cells and cell-free supernatants of PAC 1.0 in buffered and nonbuffered media. When P. acidilactici PAC 1.14, a derivative of PAC 1.0 cured of the plasmid encoding PA-1, was used, no inhibition of L. monocytogenes was observed by either cells or cell-free supernatants. Since all eight strains showed approximately equal activity, one strain, L. monocytogenes LMO1, was chosen for further study.
PA-1 bacteriocin powder was prepared from P. acidilactici PAC 1.0 as described in Materials and Methods. PAC 1.0 was grown in MRS broth supplemented with 2% yeast extract, which elicited maximal bacteriocin production. Other nutritional supplements were tested and found not to be as effective as the yeast extract. The resulting dry powder, assayed as previously described (6), contained approximately 16 ,000 AU/g of powder.
MICs. MICs were determined for L. monocytogenes LMO1 and P. pentosaceus FBB63, a strain previously used as a sensitive indicator of PA-1 bacteriocin activity (6) . MICs averaged for four independent trials were 54.7 AU/ml for LMO1 and 25.4 AU/ml for FBB63.
Lysis of L. monocytogenes by PA-1 bacteriocin. PA-1 bacteriocin powder was added to exponential-phase cultures of L. monocytogenes LMO1 to examine the effect on growth over time. PA-1 powder was added at a final concentration of either 200 or 500 AU/ml (Fig. 1A) , and A660 was followed over several hours. The results showed a decrease in turbidity over time indicative of cellular lysis. Rates of lysis were calculated by using the times required to reduce turbidity by one-half. Lysis rates for LMO1 were 0.19/h for 200 AU/ml and 0.17/h for 500 AU/ml. This compared with a lysis rate of 0.29/h for P. pentosaceus FBB63 at 200 AU of PA-1 per ml (data not shown).
Effects of pH and temperature on PA-1 inhibition of L. monocytogenes. Inhibition of L. monocytogenes by PA-1 at various pHs was determined at both 4 and 32°C. APT broth adjusted to pH 5.5, 6.0, 6.5, or 7.0 was inoculated with L. monocytogenes LMO1 at 1.2 x 102 CFU/ml. For tubes held at 4°C, bacterial counts were obtained after 2, 7, and 21 days (Table 1) . Bacterial counts in the controls reached over 109 CFU/ml after 21 days at pH 6.5 and pH 7.0. At pH 5.5 and pH 6.0, cell numbers increased only slightly. In the matching series of tubes containing PA-1 bacteriocin, no CFU were found at the 10-1 dilution from 2 days through 21 days.
At 32°C, bacterial counts were also determined at 2, 7, and 21 days. The counts in the control tubes reached about 1010 CFU/ml by 48 h at all four pHs examined and then began to decline. By 7 days, no colonies were found at the 101 dilution at pH 6.5 and 7.0 and after 21 days, no colonies were found at 10-1 dilution at all four pHs. In the matching series of tubes with PA-1, no colonies could be recovered at the 10-1 dilution at all four pHs from day 2 through 21 days.
Inhibition of L. monocytogenes in refrigerated food systems by bacteriocin PA-1. With the exception of cottage cheese, which had a relatively low pH of 5.1, the other two systems allowed rapid growth of the pathogen at 4°C. There was approximately a 106-fold increase in counts over a 14-day period in both the half-and-half cream and cheese sauce. In the cottage cheese system, the initial count decreased by a factor of 10 over a 7-day period. In all of the food systems, there was a rapid decrease in viable counts of L. monocytogenes in the presence of bacteriocin PA-1. There was, however, a resurgence of the pathogen after 7 days of holding at 4°C in the mildly acidic and neutral food systems. In the acidic cottage cheese system, however, the viable numbers of L. monocytogenes were held in check after 7 days at 4°C in the presence of bacteriocin PA-1 even at 1/10 the concentration of the bacteriocin added to half-and-half cream and cheese sauce.
DISCUSSION
The results presented here describe the activity of a bacteriocin produced by P. acidilactici PAC 1.0, first described by Gonzalez Inhibition was evident over wide temperature and pH ranges and was particularly effective at low initial inocula of the pathogen, similar to those which could occur in various food systems. Bacteriocins can offer a safe and natural means of controlling undesirable bacterial contamination, particularly human pathogens such as L. monocytogenes. Bacteriocin PA-1 would be especially appropriate for such an application because P. acidilactici has been traditionally used as a starter in many food fermentations (13) and, hence, is considered generally regarded as safe for addition to foods.
At least two other plasmid-borne bacteriocins produced by Pediococcus spp. have been described (3, 7) which differ in plasmid size from the PA-1 plasmid in PAC 1.0. We do not know at present whether these bacteriocins are related at the genetic level. Although the work described here clearly demonstrates inhibition of L. monocytogenes by the PA-1 bacteriocin, further work is needed to purify PA-1 to homogeneity and to determine its mode of action, efficacy, and economics of application in food systems.
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